Cleavage-site mutagenesis alters post-translation processing of Pro-CCK in AtT-20 cells.
Cholecystokinin (CCK) is expressed in the central and peripheral nervous systems and functions as a neurotransmitter and neuroendocrine hormone. The in vivo forms of CCK include CCK-83, -58, -39, -33, -22, -12, and -8. Tissues in the periphery produce the larger forms of CCK, such as CCK-58, whereas the brain primarily produces CCK-8. The different biologically active forms of CCK observed in vivo may result from cell-specific differences in endoproteolytic cleavage during post-translational processing. Evidence suggests that cleavages of pro-CCK occur in a specific sequential order. To further delineate the progression of cleavages during pro-CCK maturation, mutagenesis was used to disrupt putative mono- and dibasic cleavage sites. AtT-20 cells transfected with wild-type rat prepro-CCK secret CCK-22 and -8. Mutagenesis of the cleavage sites of pro-CCK had profound effects on the products that were produced. Substitution of basic cleavage sites with nonbasic amino acids inhibits cleavage and leads to the secretion of pathway intermediates such as CCK-83, -33, and -12. These results suggest that CCK-58 is cleaved to both CCK-33 and -22. Furthermore, CCK-8 and -12 are likely derived from cleavage of CCK-33 but not CCK-22. Alanine substitution at the same site completely blocked production of amidated products, whereas serine substitution did not. The cleavages observed at nonbasic residues in this study may represent the activity of enzymes other than PC1 and carboxypeptidase E, such as the enzyme SKI-1. A model for the progression of pro-CCK processing in AtT-20 cells is proposed. The findings in this study further supports the hypothesis that pro-CCK undergoes parallel pathways of proteolytic cleavages.